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YieldA 2-year ﬁeld experiment was performedwith lachenalia (‘Namakwa’, ‘Ronina,’ ‘Rosabeth’ and ‘Rupert’) to study
the effects of planting density on leaf formation, inﬂorescence quality and bulb production. Bulbs 6.0 cm in cir-
cumference were planted at a spacing of 2.0 × 5.0 cm, 3.0 × 7.0 cm and 5.0 × 10.0 cm, and cultivated in the
open air in Polish conditions in 2009 and 2010. The spacing affected the number of leaves only in lachenalia
‘Namakwa’ in 2010. In the other cases, the bulbs formed 2–3 leaves. Plant height increased with the high-
density treatment, butﬂower yield and the total time to the beginning of ﬂoweringwere independent of planting
density. The cultivars proved to differ in terms of the time of blooming: ‘Namakwa’ and ‘Ronina’ ﬂowered earlier
(after 63–73 days) than ‘Rosabeth’ and ‘Rupert’ (after 82–90 days). Plant arrangement had little effect on inﬂo-
rescence length and the number of ﬂorets. Irrespective of the spacing, lachenalia ‘Rupert’ seemed to be the most
ﬂoriferous— one bulb produced even 30 ﬂowers. Lower planting density inﬂuenced advantageously the quality
of bulbs (circumference and weight), without affecting their quantity (number of bulbs from one plant).
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Lachenalia (Hyacinthaceae) is a bulbous genus endemic to Namibia
and South Africa, where the Cape Floral Kingdom is located (Duncan,
1996). Because most of the rain in this region falls in the winter, the ac-
tive growth of lachenalia occurs in this season and as the weather
warms up the dormancy period of bulbs is initiated (Duncan, 1988;
Kleynhans, 2006). Some species of Lachenalia have a narrow range of
distribution and others are in an endangered position, thus they need
the conservation efforts (Duncan, 1988). Doutt (1994) points out that
the Cape area is the richest in the world in bulb ﬂora but, on the other
hand, it may also be themost threatened. Cultivation in private gardens
may keep the precious species alive. The Southern African ﬂora is well
described (Goldblatt, 1978; Helme and Trinder-Smith, 2005) and lots of
species are extremely popular in Europe. Flower bulb species, e.g. gladi-
olus and freesia, have been successfully introduced to the international
ﬂower market (Kleynhans, 2009a), but there is still a great diversity of
geophytes in the Cape Floral Kingdom (Van Staden and Fennell, 2004)
with an excellent horticultural potential (Doutt, 1994; Reinten et al.,
2011). One of them is lachenalia, with its long and interesting historical
background (Duncan, 1988). It has been chosen for the experimental
programme of ARC-Roodeplaat to develop a new crop for commercial
production (Kleynhans, 2002). Advanced techniques were applied in
the research and breeding of the genus in order to develop new cultivarsy Elsevier B.V. All rights reserved.(Niederwieser, 2004). But Kleynhans (2009b) stresses that these new
breeding methods are very expensive and often exceed the commercial
value of the new crop. In Poland, as in all central and northern Europe,
the bulbs cannot be kept in the open all year long as they are not frost-
tolerant (Duncan, 1988). In spite of this, lachenalia can be successfully
cultivated in European conditions in gardens, but should be removed
from the groundwhen frost is expected (October–November) and stored
dry at a warm temperature. The bulbs should be stored at 20–25 °C for
not less than 18 months for ﬂower initiation (Kleynhans, 2009a). As a re-
sult of the Lachenalia breeding programme, a new series of cultivars,
called ‘African Beauty,’ has been developed. Spotted leaves, combined
with variously colored ﬂowers, make these cultivars ideal garden and
pot plants. As Kleynhans (2006) emphasizes, not only do the cultivars
differ in growth habitat but also the microclimate of the production
area of lachenaliamay affect the behavior of the plants. Thus it is very im-
portant to formulate a precise description of lachenalia cultivation in par-
ticular geographical conditions. In Poland, lachenalia is completely new
to horticulture and rather rare among bulb collectors (Kapczyńska,
2009). Making this plant popular still requires a lot of commitment and
effort on the part of researchers, producers and retailers. The research
presented in this paper is the ﬁrst attempt at growing this plant in the
temperate climate conditions, aimed to determine the optimal spacing
of planting of lachenalia bulbs in the ground. The results obtained may
lead to the development of recommendations for growing the cultivars
from the ‘African Beauty’ series. The ﬂower market is still open to new
ideas for gardening, and lachenalia has a great potential to enhance the
range of plants grown in gardens, as well as for cut ﬂowers. The present
project was undertaken to determine the optimum planting density in
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sized bulbils to be utilized in future cultivation.
2. Materials and methods
The ﬁeld experiment was conducted in 2009–2010 on the premises
of the Faculty of Horticulture of the University of Agriculture in Krakow
(Poland). Four cultivars of lachenalia (Lachenalia J. Jacq. ex Murray)
were investigated: ‘Namakwa,’ ‘Ronina,’ ‘Rupert,’ ‘Rosabeth’ (all from
the ‘African Beauty’ series). The bulbs (approx. 6.0 cm in circumference)
were bought from the company Afriﬂowers (South Africa). Three values
of the experimental variable were used — the bulbs were planted at a
spacing of: 2.0 × 5.0 cm, 3.0 × 7.0 cm, and 5.0 × 10.0 cm (plant spacing
within and between the rows, respectively). In each combination, 120
bulbs were planted in 4 replications, each with 30 bulbs. On April 28 in
2009 and 2010, the bulbs were planted to a depth equal to twice the
height of the bulb into lattice containers (60 × 40 × 20 cm). Before
planting, the bulbs were treated with 0.5% Kaptan for 30 minutes. For
the growing substrate, a mixture of peat and sand was used at a ratio
of 3:1 enriched with the fertilizer Osmocote (6 months), at a dose of
80 g/m2.
In the experiment,measurementswere takenof plant height from the
surface of the substrate to the apex of the inﬂorescence, inﬂorescence
length, the number of ﬂorets in the inﬂorescence, the number of inﬂores-
cence stalks produced by one bulb, the length of a single ﬂoret (the ﬁrst
developed one), and also the number of leaves produced by one bulb
and the length and width of the ﬁrst leaf. Records were kept of the num-
ber of days elapsed from the timeof planting the bulbs to the beginning of
ﬂowering. Bulbs were dug up in October, and after drying them brieﬂy,
their crop was assessed by sorting them according to the circumference
into 4 classes: b3.0 cm, 3.1–6.0 cm, 6.1–9.0 cm, 9.1–12.0 cm.
All the data were analyzed separately for each season using the
STATISTICA package. The results were statistically evaluated using a
two-way analysis of variance for factors: cultivar and spacing. To deter-
mine signiﬁcant differences, the Duncan test was used at p ≤ 0.05. Bulb
yield data were arcsine transformed before the analysis.
3. Results
Density of planting of bulbs in 2009 and 2010 signiﬁcantly affected the
number of leaves only in the case of lachenalia ‘Namakwa’ (Table 1). InTable 1
Effect of plant spacing of lachenalia bulbs on leaf characteristics.
Feature Cultivar 2009 Season
Plant spacing (cm)
2.0 × 5.0 3.0 × 7.0
No. of leaves Namakwa 1.8 a 2.0 ba
Ronina 2.2 bc 2.4 c
Rosabeth 1.9 ab 2.0 ab
Rupert 2.1 abc 2.1 abc
Leaf length Namakwa 26.3 fg 22.4 bc
(cm) Ronina 25.5 efg 26.4 g
Rosabeth 24.1 cde 23.1 bcd
Rupert 24.9 def 24.4 def
Leaf width Namakwa 2.1 a 2.3 ab
(cm) Ronina 4.1 g 3.8 fg
Rosabeth 2.4 abc 2.9 d
Rupert 3.7 ef 3.4 e
Mean values marked with the same letters do not differ signiﬁcantly at p ≤ 0.05.
2009mean cultivar and spacing effects: no. of leaves— F = 10.630 and p = 0.000 for cultivar, F
leaf length— F = 17.224 and p = 0.000 for cultivar, F = 23.471 and p = 0.000 for spacing, F =
for cultivar, F = 9.353 and p = 0.000 for spacing, F = 4.027 and p = 0.000 for cultivar and sp
2010mean cultivar and spacing effects: no. of leaves— F = 36.12 and p = 0.000 for cultivar, F
length— F = 33.42 and p = 0.000 for cultivar, F = 14.8 and p = 0.000 for spacing, F = 5.84 a
F = 35.24 and p = 0.000 for spacing, F = 2.21 and p = 0.066 for cultivar and spacing.2009, the bulbs of this cultivar planted at the largest spacing produced 1
leaf more compared with the plants grown at a reduced spacing. In
2010, the spacing of 5.0 × 10 cm also proved to be the most advanta-
geous in terms of this characteristic— plants grown at that density devel-
oped nearly 6 leaves per plant.
In 2009, the signiﬁcantly shortest leaves (about 18 cm long) were
obtained from the bulbs of lachenalia ‘Rosabeth’ planted at the largest
spacing (Table 1). Also in that season, in the case of this cultivar, there
is clear evidence of a signiﬁcant decrease in the length of the leaf
blade from the most densely planted bulbs to those planted at the low-
est density— the difference is as high as 6 cm. In 2010, while analyzing
this cultivar, a similar trend was observed — the longest leaves were
obtained from the bulbs planted at the highest density. From the bulbs
of lachenalia ‘Rupert’ planted in 2009 at a spacing of 5.0 × 10 cm leaves
were shorter by about 3 cm in relation to those obtained from the bulbs
planted at 2.0 × 5.0 cm and 3.0 × 7.0 cm. In the following year of the
experiment, themost densely planted bulbs of ‘Rupert’ produced leaves
longer by about 3 cm compared with the plants grown at 3.0 × 7.0 cm
and 5.0 × 10.0 cm. After analyzing lachenalia ‘Namakwa,’ it was found
that in 2009 the longest leaves were obtained from the most densely
planted bulbs, but this trend was not repeated the following year. In
the case of ‘Ronina,’ in the ﬁrst year the bulbs planted at spacing of
5.0 × 10 cm produced shorter leaves than the bulbs cultivated at a
spacing of 3.0 × 7.0 cm. In the second year the shortest leaves were
obtained by planting bulbs at a spacing of 3.0 × 7.0 cm; that was also
the lowest value that was recorded for the whole experiment in 2010.
Bulb planting density had a signiﬁcant effect not only on the length
but also on the width of the measured leaves (Table 1). Considering
the whole experiment, it was found that the broadest leaves were
produced in 2009by thebulbs of lachenalia ‘Ronina’planted at a spacing
of 5.0 × 10.0 cm, and in 2010 by the bulbs of lachenalia ‘Rupert’ and
‘Rosabeth’ also grown at this density and planted at a spacing of
3.0 × 7.0 cm. After analyzing each cultivar separately, it was noted that
in the ﬁrst year of the experiment the bulbs of lachenalia ‘Namakwa’
planted at the largest spacing produced leaves by 0.5 cm wider than
the bulbs of this cultivar planted at the highest density. The following
year, beneﬁcial in this regard proved to be both the largest and themedi-
um plant spacings. In the case of lachenalia ‘Ronina,’ in the two years of
the experiment, the bulbs planted at the largest spacing produced signif-
icantly wider leaves in relation to the bulbs planted at 2.0 × 5.0 cm and
3.0 × 7.0 cm— the difference was about 0.5 cm. In the case of lachenalia2010 Season
5.0 × 10.0 2.0 × 5.0 3.0 × 7.0 5.0 × 10.0
2.8 d 3.9 c 3.6 bc 5.8 d
2.3 c 2.6 a 3.0 ab 2.8 a
2.0 ab 3.0 ab 3.1 ab 3.1 ab
2.0 ab 2.5 a 2.9 ab 2.7 a
24.2 cde 25.3 b 26.8 bc 26.2 bc
24.0 cde 25.7 b 22.5 a 24.8 b
18.4 a 31.5 d 26.8 bc 26.7 bc
21.8 b 31.3 d 28.3 c 28.1 c
2.6 bcd 2.3 a 2.7 bc 2.9 cd
4.5 h 2.5 ab 2.5 ab 2.9 cd
2.7 cd 3.1 d 3.7 ef 3.6 ef
3.7 ef 3.1 d 3.5 e 3.8 f
= 10.384 and p = 0.000 for spacing, F = 12.511 and p = 0.000 for cultivar and spacing;
6.588 and p = 0.000 for cultivar and spacing; leaf width— F = 128.788 and p = 0.000
acing.
= 7.027 and p = 0.02 for spacing, F = 7.049 and p = 0.000 for cultivar and spacing; leaf
nd p = 0.000 for cultivar and spacing; leaf width— F = 79.35 and p = 0.000 for cultivar,
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ing of 3.0 × 7.0 than 2.0 × 5.0 cmbut in 2010, the narrowest leaveswere
recorded in the plants grown at a spacing of 2.0 × 5.0 cm — the differ-
ence was 0.5 cm. In the ﬁrst year of the experiment there were no signif-
icant differences in the width of the leaves in lachenalia ‘Rupert,’ but in
2010 it was noted that the width of the leaf blade increased with the in-
crease in the planting distance between bulbs.
Analyzing the results for plant height for the year 2009 (Table 2), a
deﬁnite regularity was found concerning all of the cultivars tested —
shorter plants (about 14–16 cm tall) were obtained from bulbs planted
at the lowest density. The height of all the tested cultivars grown at the
other spacings was about 20–22 cm. In the second year of the experi-
ment, no such clear-cut results were obtained because irrespective of
the bulb spacing the height of ‘Ronina’ plants was equal. However, in
the case of ‘Rosabeth’ and ‘Rupert’ the lowest height of plants was
obtained at the largest spacing. This is particularly evident in the case
of lachenalia ‘Rupert,’ where from the bulbs planted at a spacing of
5.0 × 10.0 cm, we obtained plants signiﬁcantly shorter by 10 cm in re-
lation to those obtained from the bulbs planted at 2.0 × 5.0 cm.
Within cultivars therewas no clear effect of bulb spacing on inﬂores-
cence length, except ‘Namakwa’ plants— in both years of cultivation —
the longest inﬂorescences were obtained from the bulbs grown at a
spacing of 5.0 × 10.0 cm (Table 2).
Analyzing the effect of plant spacing on each cultivar in terms of ﬂo-
rets number no signiﬁcant differences were found in ‘Ronina’ plants in
both years of cultivation. In case of ‘Namakwa’ in 2009 the largest num-
ber of ﬂorets was recorded after planting the bulbs at spacing of
5.0 × 10.0 cmbut in the following season this tendencywas not repeat-
ed. In 2009, signiﬁcantlymore ﬂorets in ‘Rosabeth’ plants were obtained
at a spacing of 3.0 × 7.0 cm but in 2010 more abundant inﬂorescencesTable 2
Effect of plant spacing of lachenalia bulbs on plant height, ﬂower yield and quality of inﬂoresce
Feature Cultivar 2009 Season
Plant spacing (cm)
2.0 × 5.0 3.0 × 7.0
Plant height (cm) Namakwa 21.6 b 20.8 b
Ronina 21.8 b 21.9 b
Rosabeth 21.2 b 20.6 b
Rupert 20.1 b 22.2 b
Inﬂorescence Namakwa 6.5 ab 6.6 ab
length (cm) Ronina 12.5 f 11.4 ef
Rosabeth 5.6 a 7.4 b
Rupert 10.2 cde 9.7 cd
No. of ﬂorets Namakwa 10.1 a 10.3 a
Ronina 19.8 c 19.7 c
Rosabeth 13.3 b 17.5 c
Rupert 29.7 d 31.4 d
Floret Namakwa 2.3 a 2.5 ab
length (cm) Ronina 3.1 bc 3.0 bc
Rosabeth 3.2 c 2.8 abc
Rupert 2.4 a 2.6 abc
No. of inﬂoresc. Namakwa 0.7 a 1.1 bc
Ronina 1.0 abc 1.0 abc
Rosabeth 1.0 abc 0.9 abc
Rupert 1.0 abc 0.8 ab
Mean values marked with the same letters do not differ signiﬁcantly at p ≤ 0.05.
2009mean cultivar and spacing effects: plant height— F = 1.309 and p = 0.271 for cultivar, F
inﬂorescence length— F = 83.556 and p = 0.000 for cultivar, F = 0.442 and p = 0.642 for sp
p = 0.000 for cultivar, F = 2.896 and p = 0.056 for spacing, F = 4.293 and p = 0.000 for cult
0.937 for spacing, F = 0.866 and p = 0.520 for cultivar and spacing,; no. of inﬂoresc.— F = 1.
0.136 for cultivar and spacing.
2010 mean cultivar and spacing effects: plant height— F = 119.57 and p = 0.000 for cultivar,
inﬂorescence length — F = 36.936 and p = 0.000 for cultivar, F = 7.361 and p = 0.002 for sp
p = 0.000 for cultivar, F = 9.166 and p = 0.000 for spacing, F = 2.607 and p = 0.035 for cult
0.000 for spacing, F = 6.46 and p = 0.000 for cultivar and spacing,; no. of inﬂoresc.— F = 13.
0.828 for cultivar and spacing.were produced by plants cultivated at a spacing of 3.0 × 7.0 cm and
5.0 × 10.0 cm in comparison with the spacing 2.0 × 5.0 cm. In 2009
‘Rupert’ plants, irrespective of bulb spacing, produced the same ﬂorets
number but in 2010 growing this cultivar at the highest density proved
to be less favorable than the spacing 3.0 × 7.0 cm in respect of number
of ﬂorets (Table 2). After comparing the cultivars with one another, it
was found that regardless of the spacing used in 2009, the highest num-
ber of ﬂorets was obtained from the bulbs of ‘Rupert’ — the plants pro-
duced more than 30 ﬂorets per inﬂorescence. It is worth mentioning
that, depending on the spacing, 10–13 ﬂorets were obtained from the
bulbs of lachenalia ‘Namakwa,’ 18–20 from ‘Ronina,’ and 13–17 from
‘Rosabeth.’ After analyzing separately the plant spacings used in 2010,
it can be stated that the bulbs of lachenalia ‘Rupert’ again produced
the largest number of ﬂorets in a single inﬂorescence, reaching themax-
imum value of 27.
Taking into consideration the length of a single ﬂoret in 2009 no ef-
fect of the spacing of bulbs at planting within the cultivars was noticed
(Table 2). In 2010, some trend was observed in the case of ‘Namakwa’
and ‘Ronina’ — the longest ﬂorets were obtained from the least densely
planted bulbs.
After analyzing the number of inﬂorescence stems obtained from one
bulb, it was found that in 2009 irrespective of the spacing and cultivar the
bulbs produced similar yield (Table 2). The following year, irrespective
of bulb spacing ‘Rosabeth’ plants produced more inﬂorescences than
‘Ronina.’ Moreover ‘Namakwa’ bulbs in spacing of 3.0 × 7.0 cm and
5.0 × 10.0 cm and ‘Rupert’ in spacing of 2.0 × 5.0 cm and 3.0 × 7.0 cm
producedmore inﬂorescences than ‘Ronina’ plants. It is worth emphasiz-
ing that in both the ﬁrst and second year of the experiment not all of the
bulbs planted came into ﬂower— this concerned the plants of ‘Namakwa’
(2009), ‘Rupert’ (2009) and ‘Ronina’ (2010).nce.
2010 Season
5.0 × 10.0 2.0 × 5.0 3.0 × 7.0 5.0 × 10.0
16.6 a 31.5 e 27.8 c 29.3 cd
16.4 a 23.3 ab 23.2 ab 22.0 a
16.7 a 30.4 de 31.0 de 24.1 b
14.4 a 35.4 g 33.7 f 24.9 b
9.6 cd 9.9 ab 10.5 bc 12.2 d
10.9 de 8.4 a 10.6 bc 10.2 bc
6.4 ab 8.2 a 9.4 ab 9.1 ab
8.9 c 13.1 d 14.9 e 11.8 cd
14.2 b 18.0 abc 20.7 bcde 17.5 abc
18.3 c 16.4 a 17.2 ab 16.0 a
13.3 b 14.8 a 21.0 cde 20.3 bcd
30.0 d 23.9 ef 26.9 f 22.1 de
2.6 abc 2.2 a 2.2 a 2.6 bcd
3.1 bc 2.4 b 2.6 bcd 2.8 ef
2.7 abc 2.6 bcd 2.8 ef 2.9 f
2.4 a 2.6 bcd 2.7 cde 2.5 bc
0.9 abc 1.1 bcd 1.1 bcd 1.2 cd
1.3 c 0.8 ab 0.7 a 0.8 ab
0.9 a bc 1.3 d 1.1 bcd 1.2 cd
1.0 abc 1.2 cd 1.0 bc 1.1 bcd
= 41.130 and p = 0.000 for spacing, F = 41.130 and p = 0.000 for cultivar and spacing;
acing, F = 8.880 and p = 0.000 for cultivar and spacing; no. of ﬂorets— F = 234.937 and
ivar and spacing; ﬂoret length— F = 7.163 and p = 0.000 for cultivar, F = 0.064 and p =
535 and p = 0.241 for cultivar, F = 0.215 and p = 0.808 for spacing, F = 1.915 and p =
F = 83.57 and p = 0.000 for spacing, F = 21.88 and p = 0.000 for cultivar and spacing;
acing, F = 4.057 and p = 0.003 for cultivar and spacing; no. of ﬂorets — F = 26.547 and
ivar and spacing; ﬂoret length— F = 30.11 and p = 0.000 for cultivar, F = 20.40 and p =
948 and p = 0.000 for cultivar, F = 2.703 and p = 0.081 for spacing, F = 0.466 and p =
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‘Namakwa’ grown at the lowest density were bulbs 6.1–9.0 cm in cir-
cumference, while the plants grown at the highest and medium densi-
ties produced, respectively, by 42 and 28 percentage points fewer
bulbs of such circumference (Table 3). The following year, it was noted
that plants planted at the largest spacing produced more bulbs with the
largest circumference (9.1–12.0 cm) — they accounted for 23% of the
total yield, compared with the plants grown at the lowest and medium
density. In 2009, regardless of the spacing used, the total yield of
lachenalia ‘Ronina’ included none of the smallest bulbs — those with a
circumference of less than 3 cm. Neither did the plants of ‘Ronina’
planted at the largest spacing produce any bulbs with a circumference
of 3.1–6.0 cm, but 50% of the total yield consisted of bulbs with a cir-
cumference of 6.1–9.0, and the other 50% — of the largest bulbs, with
a circumference of 9.1–12.0 cm. In 2010, over 40% of the total yield of
‘Ronina’ plants were bulbs grown at a spacing of 5.0 × 10.0 cm, while
from the plants grown at a spacing of 2.0 × 5.0 cm no bulbs with the
largest circumference were obtained at all. In the case of lachenalia
‘Rosabeth,’ it was also noted that the greater the plant spacing, the bet-
ter the quality of the bulbs obtained. In 2009, almost 64% of the total
yield of the plants grown at the lowest density were bulbs 6.1–9.0 cm
in circumference, and in 2010 over 60% of the total yield of the most
densely planted plants were the smallest bulbs—with a circumference
of less than 3.0 cm. In 2009, just like in the case of ‘Rosabeth,’ also
‘Rupert’ plants grown at the largest spacing did not produce any bulbs
with a circumference of less than 3.0 cm or in the range 3.1–6.0 cm.
Over 50% of the total yield were bulbs 6.1–9.0 cm in circumference and
more than 40% were the largest bulbs. In the following year, more than
70% of the total yield of this cultivar grown at the largest spacing were
bulbs whose circumference was 6.1–12.0 cm. In 2010, in lachenalia
‘Rupert,’ like in the other cultivars grown at the highest density, there
were no bulbs at all with a circumference of 9.1–12.0 cm. These results
can be conﬁrmed by analyzing the average weight of bulbs obtained at
the end of each season (Table 4). For the two years of the experiment,
and in the case of each cultivar, it is clear that with increasing plant
spacing, the weight of the bulbs obtained also increases.Table 3
Effect of plant spacing of lachenalia bulbs on share of bulbs of a given circumference in total yi
Bulb circum. (cm) Cultivar 2009 Season
Plant spacing (cm)
2.0 × 5.0 3.0 × 7.0
b3.0 Namakwa 23.0 b 3.0 a
Ronina 0.0 a 0.0 a
Rosabeth 2.4 a 2.2 a
Rupert 0.0 a 0.0 a
3.1–6.0 Namakwa 64.3 de 70.0 e
Ronina 17.9 ab 5.4 a
Rosabeth 54.8 cde 51.0 cde
Rupert 15.4 ab 8.8 a
6.1–9.0 Namakwa 12.7 a 26.9 ab
Ronina 59.2 cde 82.1 e
Rosabeth 42.8 bc 46.7 bc
Rupert 79.4 dc 76.4 de
9.1–12.0 Namakwa 0.0 a 0.0 a
Ronina 22.9 c 12.5 b
Rosabeth 0.0 a 0.0 a
Rupert 5.1 ab 14.7 bc
Mean values marked with the same letters do not differ signiﬁcantly at p ≤ 0.05.
2009mean cultivar and spacing effects: bulb circum b 3.0— F = 8.453 and p = 0.001 for cultiv
F = 38.077 and p = 0.000 for cultivar, F = 6.086 and p = 0.010 for spacing, F = 0.420 and p
cultivar, F = 1.540 and p = 0.242 for spacing, F = 4.550 and p = 0.006 for cultivar and sp
p = 0.000 for spacing, F = 12.904 and p = 0.000 for cultivar and spacing.
2010mean cultivar and spacing effects: bulb circum b 3.0— F = 14.008 and p = 0.001 for cultiv
F = 5.120 and p = 0.005 for cultivar, F = 4.943 and p = 0.013 for spacing, F = 1.840 and p =
F = 4.773 and p = 0.015 for spacing, F = 8.673 and p = 0.000 for cultivar and spacing; bulb
spacing, F = 5.629 and p = 0.000 for cultivar and spacing.Considering the effect of plant spacing on each cultivar in terms of
the number of bulbs obtained from one plant, no signiﬁcant differences
were found, but such differences were observed when the tested culti-
vars were compared with one another (Table 5). In particular, such dif-
ference appeared in 2010 because ‘Namakwa’ produced more bulbs
than ‘Ronina’ and ‘Rupert’ also ‘Ronina’more than ‘Rupert.’
From the data presented in Table 6 it is clearly evident that the
planting density of the bulbs did not affect the time of the beginning
of ﬂowering in the tested cultivars. However, differences were noted
between the cultivars. In 2009, about 71 days after planting, ‘Namakwa’
and ‘Ronina’ began to bloom at the same time; after about 83 days,
ﬂowers were noted on the plants of ‘Rupert’; and after 88 days in
‘Rosabeth.’ The following year, the plants behaved in a similar fashion
except that the earliest to bloom, already after 63 days from planting,
were the bulbs of ‘Ronina.’4. Discussion
According to Duncan (1988), lachenalias prefer being crowded to-
gether, but generally the bulbs should be located depending on their
size. The usual plant arrangement in the ﬁeld depends if gardeners
plant them for exhibition, as decorative ones, or treat them on the plan-
tations as a commercial material for sale. As regards foliage, the data
revealed that spacing inﬂuenced the number of leaves only in the case
of ‘Namakwa’ — in 2010 nearly six leaves per bulb were observed. In
the other cases, the bulbs produced on average two (2009) or three
(2010) leaves. It is worth recallingDuncan's (1988) opinion,who claims
that in most species the mature bulb of lachenalia produces two leaves.
After analyzing the tested cultivars of lachenalia, a general conclusion
can be drawn that, in most cases, with an increase in the spacing of
bulbs at planting, the length of the leaf blade decreases, but the width
increases. Longer and narrower leaves may be a result of competition
for light. What is interesting, some researchers (Walker et al., 1988)
use the sunlit foliage area to quantify light competition between the
species.eld (%).
2010 Season
5.0 × 10.0 2.0 × 5.0 3.0 × 7.0 5.0 × 10.0
0.0 a 28.8 c 14.8 ab 11.8 ab
0.0 a 15.2 ab 6.2 a 4.5a
0.0 a 62.6 d 10.5 a 16.0 ab
0.0 a 24.2 bc 14.0 ab 8.6 a
44.6 cd 45.5 de 51.2 de 39.0 bcde
0.0 a 38.0 bcde 43.1 cde 23.5 ab
36.1 bc 31.9 abcd 52.9 e 39.2 bcde
0.0 a 39.1 bcde 25.0 abc 19.1 a
55.4 cd 25.8 b 26.8 b 23.3 b
49.6 bc 48.2 d 41.1 cd 28.8 bc
63.8 cde 5.5 a 35.8 bcd 38.5 bcd
53.0 bcd 36.6 bcd 46.0 d 31.5 bc
0.0 a 0.0 a 7.2 ab 23.0 c
50.4 d 0.0 a 9.2 ab 43.2 d
0.0 a 0.0 a 0.7 a 6.2 ab
46.9 d 0.0 a 15.0 bc 40.7 d
ar, F = 6.155 and p = 0.009 for spacing, F = 7.653 and p = 0.000; bulb circum. 3.1–6.0—
= 0.855 for cultivar and spacing; bulb circum. 6.1–9.0 — F = 12.716 and p = 0.000 for
acing; bulb circum. 9.1–12.0 — F = 58.956 and p = 0.000 for cultivar, F = 31.765 and
ar, F = 39113 and p = 0.000 for spacing, F = 7.243 and p = 0.000; bulb circum. 3.1–6.0—
0.121 for cultivar and spacing; bulb circum. 6.1–9.0— F = 9.592 and p = 0.000 for cultivar,
circum. 9.1–12.0 — F = 11.895 and p = 0.000 for cultivar, F = 59.327 and p = 0.000 for
Table 4
Effect of plant spacing of lachenalia bulbs on mean bulb weight (g).
Cultivar 2009 Season 2010 Season
Plant spacing (cm)
2.0 × 5.0 3.0 × 7.0 5.0 × 10.0 2.0 × 5.0 3.0 × 7.0 5.0 × 10.0
Namakwa 1.7 a 2.4 ab 4.0 cd 2.9 b 4.4 cd 6.8 e
Ronina 7.0 fg 7.5 g 9.3 h 3.5 bc 5.8 e 8.8 f
Rosabeth 2.9 b 3.8 c 4.7 de 1.3 a 4.0 bc 5.5 ed
Rupert 5.3 e 6.5 f 9.4 h 3.5 bc 6.0 e 8,5 f
Mean values marked with the same letters do not differ signiﬁcantly at p ≤ 0.05.
2009 mean cultivar and spacing effects: F = 280.361 and p = 0.000 for cultivar, F = 104.873 and p = 0.000 for spacing, F = 4.544 and p = 0.001 for cultivar and spacing.
2010 mean cultivar and spacing effects: F = 22.409 and p = 0.000 for cultivar, F = 116.236 and p = 0.000 for spacing, F = 0.998 and p = 0.443 for cultivar and spacing.
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cate that an increase in the number of plants per meter increases plant
height, but generally it does not affect ﬂower yield and the total time to
the beginning of ﬂowering. The results are conﬁrmed by the ﬁndings of
Kapczyńska and Piskornik (2002), who observed an increase in the
height of Sparaxis tricolorwith decreasing plant spacing. In the cultiva-
tion of lily (Amjad and Amad, 2012) and gladioli (Roychowdhury,
1989), a higher planting density also increases plant height. Amjad
and Amad (2012) report that the height of plants may be inﬂuenced
not only by the density but also the depth of planting. According to
these authors, deeper planting of bulbs gives improved results because
of a better soil temperature for growth.
As mentioned above, plant arrangement did not affect the num-
ber of days to ﬂowering of the inﬂorescence of lachenalia cultivars.
But it is clearly evident that ‘Namakwa’ and ‘Ronina’ ﬂower earlier
(on average after 63–73 days) than ‘Rosabeth’ and ‘Rupert’ (on average
after 82–90 days). The same trendwas observed by Kapczyńska (2012)
during greenhouse cultivation of these cultivars. According to Roh
(2005), Lachenalia aloides ‘Pearsonii’ ﬂowers after 84–161 days,
depending on the temperature during bulb storage. Lachenalia rubida
ﬂowers earlier when bulbs are stored at 20 °C for 15 weeks, while
bulbs stored at the same temperature but for 13 weeks require a longer
period to bloom (Kodaira and Fukai, 2005). Roh (2005) claims that stor-
ing lachenalia bulbs at 10–15 °C before potting and forcing at 17/15 °C
is essential to early ﬂowering, but the number of ﬂorets is reduced by
storing the bulbs in such condition. This means that developingmethods
of temperature manipulation during bulb storage and cultivation should
be essential to obtaining high quality plants. Lachenalia seems to be ex-
tremely attractive not only because of a rewarding show of ﬂowers but
also because of the large differences between the cultivars in ﬂowering
time. By combining different cultivars, we can obtain a longer lasting ef-
fect of ﬂowering in our gardens during summer time, which can be in
competition with short ﬂowering spring bulbs. The obtained results are
in linewith theﬁndings ofMcKay et al. (1981),who reportminimal effect
of plant density on the time of ﬂowering of gladioli; however, inﬂo-
rescence quality is improved when plants are grown at low density.
Tribulato et al. (2003) emphasize that substrate type causes larger
differences in ﬂower quality of lily compared to planting density. ItTable 5
Effect of plant spacing of lachenalia bulbs on number of bulbs from one plant.
Cultivar 2009 season
Plant spacing (cm)
2.0 × 5.0 3.0 × 7.0 5.0 ×
Namakwa 1.4 b 1.5 b 1.3 a
Ronina 1.0 a 1.0 a 1.0 a
Rosabeth 1.5 b 1.2 ab 1.1 a
Rupert 1.0 a 1.1 a 1.0 a
Mean values marked with the same letters do not differ signiﬁcantly at p ≤ 0.05.
2009 mean cultivar and spacing effects: F = 8.327 and p b 0.001 for cultivar, F = 1.623 and p
2010 mean cultivar and spacing effects: F = 31.435 and p b 0.000 for cultivar, F = 1.780 andis worth stressing that in this experiment it was not clearly evident
that the reduction in plant height was accompanied by a tendency
of the inﬂorescence to become shorter. Nor was it evident that the
experimental variable signiﬁcantly affected the number of ﬂorets in the
inﬂorescence, except in lachenalia ‘Namakwa’ grown in 2009. The num-
ber of individual ﬂowers seems to be rather a genotypic characteristic,
and lachenalia ‘Rupert’ fared as the most ﬂoriferous, producing over 30
ﬂorets in the inﬂorescence. Kizil et al. (2008) stress that besides genetic
behavior earlier or late plantings also affect the number of ﬂowers per
plant. Louw (1993) notices that the inﬂorescence of lachenalia ‘Romelia’
(also in the ‘African Beauty’ series) abounds in ﬂorets—bearing up to 30
ﬂowers that stay attractive for 4 weeks. By applying nitrogen in the nurs-
ery and in the pot plant phase, the number of ﬂorets in lachenalia can be
increased (Engelbrecht et al., 2008). Not only the fertilization, but also the
temperature during dormancy may inﬂuence this feature — Roh and
Young (2004) claim that the number of ﬂorets of ornithogalum is highest
when bulbs are treated at 22 °C, and lowest after treatment at 35 °C.
The analysis revealed no distinct inﬂuence of planting density on in-
ﬂorescence yield, but it can be noticed that not every bulb of ‘Namakwa,’
‘Rupert’ and ‘Ronina’ formed an inﬂorescence. Thepercentage ofﬂowers
may depend on the temperature during bulb storage (Du Toit et al.,
2002). Kodaira and Fukai (2005) claim that the optimum temperature
for ﬂoral development in Lachenalia rubida is 20 °C. However, it is
worth stressing that inﬂorescence differentiation starts already during
the prior growing season before lifting (Du Toit et al., 2001).
The results show that, irrespective of the cultivar, the maximum in-
crease in bulb weight was achieved at the widest spacing. These results
agree with those of Roodbol and Hancke (1997). Moreover, they claim
that a high intensity of light in lachenalia production is preferable for in-
creasing the size and weight of bulbs. Aftab et al. (2007) suggest that
longer growing periods may increase harvested bulb weight. After ana-
lyzing the results, it was found that the quality of the harvestedmaterial
increases with increasing plant spacing; and so, for example, in the total
yield of each of the tested cultivars grown at the largest spacing in 2009
there were no bulbs with the smallest circumference (b3.0 cm), and in
the total yield of themost densely planted plants in 2010 there were no
bulbs with the largest circumference (9.1–12.0 cm). In the experiment
of Du Toit et al. (2002), lachenalia bulbs with a weight of ±1 g and2010 season
10.0 2.0 × 5.0 3.0 × 7.0 5.0 × 10.0
b 2.0 cd 2.0 cd 2.2 d
1.1 a 1.3 ab 1.2 a
2.0 cd 1.6 bc 1.9 cd
1.2 a 1.2 a 1.5 ab
= 0.226 for spacing, F = 1.057 and p = 0.428 for cultivar and spacing.
p = 0.184 for spacing, F = 1.393 and p = 0.246 for cultivar and spacing.
Table 6
Effect of plant spacing of lachenalia bulbs on number of days to the beginning of ﬂowering.
Cultivar 2009 Season 2010 Season
Plant spacing (cm)
2.0 × 5.0 3.0 × 7.0 5.0 × 10.0 2.0 × 5.0 3.0 × 7.0 5.0 × 10.0
Namakwa 73.0 a 73.0 a 73.0 a 73.0 b 70.0 b 73.0 b
Ronina 69.0 a 69.0 a 69.0 a 63.0 a 63.0 a 63.0 a
Rosabeth 87.7 d 89.7 d 87.0 cd 85.0 c 85.0 c 82.7 c
Rupert 83.3 bc 81.7 b 83.3 bc 85.0 c 85.0 c 83.2 c
Mean values marked with the same letters do not differ signiﬁcantly at≤= 0.05.
2009 mean cultivar and spacing effects: F = 127.74 and p = 0.000 for cultivar, F = 0.04 and p = 0.964 for spacing, F = 0.51 and p = 0.791 for cultivar and spacing.
2010 mean cultivar and spacing effects: F = 337.73 and p = 0.000 for cultivar, F = 1.07 and p = 0.355 for spacing, F = 1.32 and p = 0.277 for cultivar and spacing.
169A. Kapczyńska / South African Journal of Botany 88 (2013) 164–1694 cm in circumferencewere used. Thismeans that such a size of bulbs is a
satisfactory forcing size, where the differentiation of the inﬂorescence is
completed. Roh (2005)used larger sized bulbs (6–8 cm in circumference)
in his research. The size of the bulbs used in the works cited shows that
bulbs with a circumference of 4 cm can already constitute marketable
material. However, the size of bulbs is sure to affect the quality of the
resulting inﬂorescences in many species. Smaller bulbs may emerge
and ﬂower, but the larger ones produce more ﬂower stems (Kim et al.,
1998; Han, 2001) with a larger number of buds and ﬂorets per stem
(Van der Meulen-Muisers and Van Oeveren, 1996; Kariuki and Kako,
1999). This means that for multiplication purposes the density of plant-
ing should be selected depending on the results the producer wishes to
obtain. The larger the spacing— the larger the bulbs, giving in the future
a higher yield; smaller spacing—more bulbs with a smaller circumfer-
ence, but also capable of ﬂowering. Finding themost appropriate plant-
ing distances that would satisfy the producer's expectations as to the
quality of the resultingmaterial should certainly be of great importance
on commercial plantations. When cultivating plants in gardens for or-
namental purposes, bulbs of lachenalia can be plantedmore densely be-
cause, as previouslymentioned, this does not affect the yield of ﬂowers.
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